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5 Technical Field 

The present invention relates to a method of manufactiiring ceramic 
electronic components such as multilayer ceramic capacitors and the like. 

Backgroimd Art 

10 Fig. 7 is a partially cut-away perspective view of a typical multilayer 

ceramic capacitor comprising a ceramic dielectric layer 1, a conductive layer 2 
and a pair of external electrodes 3, in which an end of each respective conductive 
layer 2 is alternately connected with one of the pair of external electrodes 3 at the 
two side of the ceramic dielectric layer 1. 
1j 15 Next, a description is given to a method of manufecturing multilayer 

ceramic capacitors in a prior art. 
U First, a ceramic sheet eventually constituting the ceramic dielectric 

£?i layer 1 is prepared by mixing an organic material to a powder mainly composed 
% of barium titanate ,and a metallic paste is applied thereon in a reqxiired pattern 
20 by a printing method to form the conductive layer 2. Then, a plurahty of the 
ceramic sheets, each applied with the conductive layer 2 thereon, are superim- 
posed one over another in such a way that any two adjoining conductive layers 2 
are located opposite to each other with the ceramic sheet sandwiched therebe- 
tween, thus obtaining a laminate. The laminate is fired thereafter and a pair of 
25 the external electrodes 3 are formed on both side where the conductive layer 2 is 
exposed. 

However, when the porosity of a ceramic sheet is large, the foregoing 
prior art method allows part of the metalHc constituent in the metalhc paste to 
penetrate into the ceramic sheet dvudng the printing process to print directly the 
30 metaUic paste on the ceramic sheet. 

In recent years, a ceramic sheet for a multilayer ceramic capacitor is 
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' made thinner and thinner in order to gain higher capacitance in said capacitor, 
thereby causing a problem of short-circmting between adjoining two electrodes 
* because of the metal constituent that has penetrated into the ceramic sheet. 

The object of the present invention is to provide a method of manufac- 
5 tiuing ceramic electronic component with less failures due to said short- 
circuiting. 

Summary of the Invention 

In order to solve the aforementioned problems, the method of manufac- 
10 tviring ceramic electronic components according to the present invention is 

characterized in that the porosity of a ceramic sheet is first reduced and then a 
conductive layer is formed on the surface thereof, thereby allowing a metaUic 
constituent to be prevented firom penetrating into the ceramic sheet with result- 
ing prevention of short-circuiting failure that may otherwise occur between the 

15 conductive layers. 

A method of manufacturing ceramic electronic components in a first 
exemplary embodiment of the present invention comprises: 

a first step of applying a pressing force to a ceramic sheet containing a ceramic 
powder and an organic material to have the porosity thereof reduced; 
20 a second step of forming a conductive layer on the ceramic sheet by the use of a 
metaUic paste; 

a third step of producing a laminate by stacking a pluraUty of ceramic sheets, 
each having the conductive layer formed thereon, in such a way as having the 
ceramic sheet sandwiched between the adjoining conductive layers located oppo- 

25 site to each other; and 

a fourth step of firing the laminate, thus allowing a ceramic electronic component 
firee of short-circuiting failvires to be reahzed. 

A method of manufacturing said components in a second exemplary 
embodiment of the present invention is the method of said components according 

30 to the first exemplary embodiment, in which the porosity of the ceramic sheet 
before a reduction in porosity after the first step is 50 % or more, thereby aUow- 
ing a ceramic electronic component firee of short-circuiting faHures to be realized. 
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A method of manufactviring said components in a third exemplary em- 
bodiment of the present invention is the method of said components according to 
* the first exemplary embodiment, in which the ceramic sheet contains at least a 
ceramic constituent and polyethylene at the first step, thereby achieving a great 
5 effect in reducing short-circuiting failures, because of a high level of porosity in 
the ceramic sheet containing polyethylene,compared with other organic materi- 
als. 

A method of manufacturing ceramic electronic components in a fourth 
exemplary embodiment of the present invention is the method of said compo- 
10 nents according to the first exemplary embodiment, in which the porosity of a 
ceramic sheet at the first step is less than 50 %, thereby aUowing a metaUic con- 
Q stituent to be prevented fi-om penetrating into the ceramic sheet. 

A method of manufacturing ceramic electronic components in a fifth 
exemplary embodiment of the present invention is the method of said compo- 
3 15 nents according to the first exemplary embodiment, in which the pressing force 
li applied to the ceramic sheet at the first step is made less than the pressing force 

as apphed in forming the laminate at the third step, thereby allowing a suffi- 
ciently uniform pressing force to be apphed to the entire laminate in both areas, 
j! with and without a conductive layer at the third step, resulting in a realization of 

20 an electronic component that has Uttle structural defect due to failures in adhe- 
sion between the ceramic sheets. 

A method of manufacturing ceramic electronic components in a sixth 
exemplary embodiment of the present invention is the method of said compo- 
nents according to the first exemplary embodiment, in which the ceramic sheet is 
25 heated while a pressing force being apphed thereto at the first step, thereby al- 
lowing the fluidity of an organic material to be enhanced by the apphcation of 
heat with a resulting quick reduction in porosity of the ceramic sheet. 

A method of manufacturing ceramic electronic components in a seventh 
exemplary embodiment of the present invention is the method of said compo- 
30 nents according to the sixth exemplary embodiment, in which the ceramic sheet 
is heated at the temperature between the glass transition point and the melting 
point of at least one organic material contained in the ceramic sheet , thereby 
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allowing the fluidity of organic materials to be enhanced by the appUcation of 
heat with a resulting quick reduction in porosity of the ceramic sheet. 

A method of manufacturing ceramic electronic components in an eighth 
exemplary embodiment of the present invention comprises: 
5 a first step of applying a pressing force to reduce the porosity in a ceramic sheet 
comprising a ceramic powder and an organic material ; 

a second step of forming a conductive layer by a metaUic paste on a base film in 
advance and superimposing the conductive layer on the ceramic sheet; 
a third step of producing a laminate by stacking a plurahty of the ceramic sheets, 
10 each having the conductive layer superimposed thereon, in such a way as having 
the ceramic sheet sandwiched between the adjoining conductive layers located 
opposite to each other; and 
^ a fourth step of firing the laminate, thereby allowing a ceramic electronic compo- 

nent free of short-circuiting failures to be reaUzed. 
15 A method of manufacturing ceramic electronic components in a ninth 
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^11 exemplary embodiment of the present invention is the method of said compo- 

m 

nents according to the eighth exemplary embodiment, in which the porosity of 
the ceramic sheet before the first step is 50 % or more, thereby allowing a said 

C'^ component free of short-circuiting failures to be reaUzed. 

20 A method of manufacturing ceramic electronic components in a tenth 

^''^ exemplary embodiment of the present invention is the method of said compo- 

nents according to the eighth exemplary embodiment, in which the ceramic sheet 
is prepared so as to contain at least a ceramic powder and polyethylene at the 
first step, thereby achieving a great effect in reducing short-circuiting failures. 
25 The rate of volxmietric shrinkage of the ceramic sheet after the apphcation of a 
pressing force thereto is made vmiform in those composition because of the high 
level in porosity of the ceramic sheet before applying the pressing force thereto 
and allowing a further reduction in porosity of the ceramic ceramic sheet to be 
achieved. 

30 A method of manufacturing ceramic electronic components in an elev- 

enth exemplary embodiment of the present invention is the method of said com- 
ponents according to the eighth exemplary embodiment, in which the porosity of 
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the ceramic sheet after the first step is less than 50 %, thereby allowing the met- 
aUic constituent to be prevented from penetrating into the ceramic sheet. 

A method of manufacturing ceramic electronic components in a twelfth 
exemplary embodiment of the present invention is the method of said compo- 
5 nents according to the eighth exemplary embodiment, in which the pressing force 
apphed to the ceramic sheet at the first step is made less than the pressing force 
as apphed in forming the laminate at the third step, thereby allowing a sixffi- 
ciently uniform pressing force to be apphed to the entire laminate in both region 
with and without the conductive layer at the third step, resulting in a reahzation 
10 of an electronic component that has httle structural defect due to failures in ad- 
hesion between the ceramic sheets. 
Q A method of manufacturing ceramic electronic components in a thir- 
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teenth exemplary embodiment of the present invention is the method of said 
components according to the eighth exemplary embodiment, in which the 
15 ceramic sheet is heated while a pressing force being apphed thereto at the first 
|y step, thereby allowing the fluidity of the organic material to be enhanced by the 

heat apphcation with a resulting quick reduction in porosity of the ceramic sheet. 

A method of manxifacturing ceramic electronic components in a four- 
teenth exemplary embodiment of the present invention is the method of said 
20 components according to the eighth exemplary embodiment, in which the 
ceramic sheet is heated at the temperature between the glass transition point 
and the melting point of at least one organic material contained in the ceramic 
sheet, thereby allowing the fluidity of organic materials to be enhance by the heat 
apphcation with a resulting qxiick reduction in porosity of the ceramic sheet. 
25 A method of manufacturing ceramic electronic components in a fifteen- 

th exemplary embodiment of the present invention is the method of said compo- 
nents according to the eighth exemplary embodiment, in which the amount of an 
organic constituent in the conductive layer before lamination process is fix)m 5 
wt % to 15 wt % against 100 wt % of the metaUic constituent at the third step, 
30 thereby allowing the sufficient adhesion between the conductor and the ceramic 
sheet to be reahzed, resulting in obtaining a ceramic component that has httle 
structural defect. 
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A method of manufacturing ceramic electronic components in a six- 
teenth exemplary embodiment of the present invention is the method of said 
• components according to the eighth exemplary embodiment, with additional step 
of appljdng a pressing force to the conductive layer in the thickness direction 
5 thereof placed between the second step and the third step, thereby allowing the 
microscopic asperities on the surface of the conductor layer to be reduced and 
contributing further to the prevention of short-circuiting failures. 

A method of manufacturing ceramic electronic components in a seven- 
teenth exemplary embodiment of the present invention comprises: 
10 a first step of preparing a laminate by stacking ceramic sheets, each composing 
an organic material and a ceramic powder and conductive layers one over ano- 
ther alternately; and 

til 

a second step of firing the laminate, in which the ceramic sheet is formed with 
iTi the organic material arranged horizontally in a mesh-like structure and with the 

15 organic material and ceramic powder arranged vertically at random, thereby 

%b allowing a metallic constituent to be prevented fvom penetrating the ceramic 

III 

1 ' sheet with a resiQting contribution to reahzing a ceramic electronic component 

which is less susceptible to short-circuiting failures. 
C!| A method of manufacturing ceramic electronic components in an eight- 

|!| 20 eenth exemplary embodiment is the method according to the seventeenth exem- 

plary embodiment, in which the porosity of the ceramic sheet is less than 50 %, 

thereby allowing a metalhc constituent to be prevented from penetrating the 

ceramic sheet. 

A method of manufacturing ceramic electronic components in a nine- 
25 teenth exemplary embodiment is the method according to the seventeenth exem- 
plary embodiment, in which, after the conductive layer formed on a base film is 
superimposed on the ceramic sheet at the first step, a step of peeling off the base 
film and a step of superimposing the ceramic sheet on the conductive layer are 
repeated one after another, thereby allowing the solvent constituent in the con- 
30 ductive layer to be reduced when compared with the case where the conductive 
layer is formed directly on the ceramic sheet with a resulting contribution to pre- 
venting the metaUic constituent from penetrating into the ceramic sheet. 
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A method of manvifactxaring ceramic electronic components in a twenti- 
eth exemplary embodiment of the present invention is the method according to 
' the nineteenth exemplary embodiment, with an additional step of applying a 
pressing force to the conductive layer on the base film in the thickness direction 
5 before the conductive layer is superimposed on the ceramic sheet, thereby allow- 
ing the microscopic asperities on the surface of the conductor layer to be re- 
duced ,with a resulting contribution to preventing the metalHc constituent from 
penetrating into the ceramic sheet. 

A method of manufacturing ceramic electronic components in a twenty 
10 first exemplary embodiment of the present invention is the method of said com- 
ponents according to the seventeenth exemplary embodiment, in which the con- 
ductive layer is deposited by the thin film process at the first step, in this case a 
metalUc film is grown into a plate-hke shape on the ceramic sheet, thereby al- 
lowing the metaUic constituent to be prevented from penetrating into the sheet. 
til 15 A methods of manufacturing ceramic electronic components in a twen- 

\tl ty second exemplary embodiment to a twenty fourth exemplary embodiment of 
the present invention comprise a step of preparing a laminate by stacking 
ceramic sheets, each containing an organic material and a ceramic powder, and 
conductive layers one over another alternately, in which the ceramic sheet is 
rl 20 formed with the organic material arranged horizontally in a mesh-like structvire 
and arranged at random in the thickness direction , thereby having the particles 
of the ceramic powder absorbed in the meshes of the organic material. As a 
result, the ceramic particles are also arranged at random, each presenting a 
mesh-like structure. Thus, a ceramic electronic component characterized as 
25 having a structure formed by stacking the ceramic layers, each having mesh-like 
structures of ceramic particles arranged at random, and the conductive layers 
one over another alternately shows a reduced number of short-circuiting pathes. 
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Brief Description of the Drawings 
30 Fig. 1 is a partially enlarged cross-sectional view of a ceramic sheet be- 

fore a reduction process in porosity. 

Fig. 2 is a partially enlarged cross-sectional view of a ceramic sheet af- 
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ter a reduction in porosity according to the present invention. 

Fig. 3 is a diagram to show the manufacturing process for a ceramic 
sheet according to the present invention. 

Fig. 4 is a cross-sectional view of a conductive layer prepared on a base 
5 film before a surface smoothing treatment is apphed thereto according to the 
present invention. 

Fig. 5 is a cross-sectional view of a conductive layer after a surface 
smoothing treatment is appUed thereto according to the present invention. 

Fig. 6 is a cross-sectional drawing for illustrating the process of 
10 smoothing treatment to obtain the conductive layer as shown in Fig. 5. 

Fig. 7 is a partially cut-away perspective view of a typical multilayer 
ceramic capacitor. 

Preferred Mode for Carrying Out the Invention 

15 Next, a description is given to exemplary embodiments of the present 

invention with respect to a multilayer ceramic capacitor as a typical ceramic elec- 
tronic component with reference to drawings. 
(First Exemplary Embodiment) 

First, a ceramic sheet 10a of 10 |iim thick is prepared by the use of a ce- 

20 ramie powder composing bariimi titanate as major component and polyethylene 
of an average molecular weight of 400,000 or more . The porosity of this 
ceramic sheet 10a usually is around 65 %. Fig. 1 is a partially enlarged cross- 
sectional view of the ceramic sheet 10a, showing that ceramic particles 11 are 
sporadically located among the fibers of polyethylene 12 with a lot of voids 13 

25 formed therein. In addition, the polyethylene 12 is formed in a mesh-like struc- 
txire extending horizontally and at random in the thickness direction, where the 
ceramic particles 11 are absorbed in the meshes, thereby eventually having the 
ceramic particles 11 also arranged in a mesh-like structure extending horizon- 
tally and at random vertically. 

30 Next, as shown in Fig. 3 , the ceramic sheet 10a is passed through be- 

tween rollers 14a and 14b, each provided with a smooth surfaceAt this time, the 
roller 14a and roller 14b are, respectively, rotating in a direction opposite to each 
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other, and the ceramic sheet 10a is apphed with a pressing force in the direction 
of thickness thereof and also heated. By having the ceramic sheet 10a apphed 
with heat in addition to a pressing force, the porosity thereof is allowed to be re- 
duced easily. More specifically, by an apphcation of heat to said sheet 10a, the 
5 fluidity of polyethylene 12 is increased at the process of a pressing force apphca- 
tion, resulting in having the air inside of said sheet 10a discharged outside and 
also become the density of the ceramic particles 11 higher. It is preferred that 
the heat treatment is carried out at the temperature between a glass transition 
point of polyethylene and the melting point thereof. More specifically, the op- 
10 timvim heating temperature ranges from 60 ""C to 150 ""C 

Instead of using the rollers 14a and 14b, a press plate is allowed to be 
used to perform one axis pressing in the thickness direction, to reduce the po- 
^ rosity of the ceramic sheet 10a. The roUers 14a and 14b are used for continuous 
OJ processing. In the present exemplary embodiment, test ceramic sheets 10b are 

1 = 5 

iii 15 prepared in four kinds of porosity, i.e., 40 %, 30 %, 20 % and 10 %. 

Fig. 2 is a partially enlarged cross-sectional view of the ceramic sheet 
10b after the apphcation of a pressing force and heat treatment. As shown in 
Fig. 2, the region occupied by voids 13 are reduced dramatically. Moreover, the 
fibers of polyethylene 12 are formed in a mesh-like structure extending horizon- 
20 tally and at random in the thickness direction with the ceramic particles 11 ab- 
sorbed in the meshes formed of polyethylene fibers. Then, a metaUic paste is 
prepared by the use of nickel powder as a metaUic constituent, a binder formed of 
ethylceUulose, acryhc resin and butyral resin, benzylbutylphtalate as a plasti- 
cizer, and an ahphatic compound or an aromatic compound as a solvent, and the 
25 metallic paste is printed on the ceramic sheet 10b, where the porosity has been 
reduced already, in a desired pattern and then dried, thereby reahzing a conduc- 
tive layer of 2 to 2.5 [xm thick. 

Next, dummy layers are prepared by stacking one over another a plu- 
rahty of ceramic sheets 10b, without conductive layer 2 and then a required 
30 number of a ceramic sheet 10b with a conductive layer 2 formed thereon are su- 
perimposed on the dummy layers, and further dvmimy layers are stacked 
thereon, thereby reahzing a provisional laminate. At this time, it does not 



ill 
(J. 



9 



matter whether the ceramic sheet 10a having the porosity not reduced or having 
the porosity reduced as the dummy sheets. However, when the conductive 
layer 2 is stacked to 100 layers or more or when the porosity of a ceramic sheet is 
less than 20 %, the use of the dimimy sheet 10a having the porosity not reduced 
is preferable, because the unbalance of the pressing force caused by a difference 
in level existing between the region with the conductive layer 2 and the region 
without conductive layer 2 is reheved. With the present exemplary embodi- 
ment, the ceramic sheets 10b of 150 layer with the conductive layers 2 formed 
thereon are used and the dummy sheets 10a without porosity reduction are 
used . 

After a pressing force is apphed to the entire provisional laminate, 
the laminate is cut into a desired shape, degreased and then fired. The de- 
greasing process is preferably to be performed by the steps of eliminating the 
plasticizer fi-om the laminate while the temperatiu-e of the laminate being ele- 
vated and then eliminating the binder with the temperature of the laminate fur- 
ther elevated, because a new chemical compound is created from the plasticizer 
and binder upon quick heating the laminate at a dash in order to eliminate the 
plasticizer and binder at the same time, and is left in the laminate even after the 
degreasing process. During the step of firing, said chemical compound is burn- 
ed and splashed out of the laminate and cause structural defects in the laminate 
such as delamination and the hke, residting in the increased mmiber of short- 
circuiting failm-es. Furthermore, it is required to prevent the nickel contained 
in the conductive layer 2 fi:om being excessively oxidized, when the steps of de- 
greasing and firing are performed in succession. 

After the step of firing, the ceramic dielectric layer 1 composing bari- 
um titanate as a major component and the conductive layer 2 composing nickel 
as a major TOnlponcntar c combined together by sintering. Thereafter, the 
external electrodes 3 composing of copper and the Hke are formed, on both end 
surfaces of the sintered product where the conductive layer 2 exposed at the end 
surfaces by baking or plating process, thereby obtaining a me!^^^^£lceTamic 
capacitor as shown in Fig. 7 . 
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Table 1 





Porosity 


Prior Art 1(50%) 


40% 


30% 


20% 


10% 


(* 


Number of 


83/1000 


2/1000 


1/1000 


0/1000 


0/1000 




Short-circuiting 











Fraction defectives of multilayer ceramic capacitors, each having 150 
effective layers (the number of ceramic dielectric layers 1 sandwiched between 
two conductive layers 2), are shown in Table 1 by comparing the multilayer ce- 
ramic capacitors prepared according to the present exemplary embodiment of 
the invention with the capacitor 1 according to a prior art. 



The prior art capacitor 1 is prepared according to the conventional 
method apphed the conductive layer 2 on a ceramic sheet 10a with no reduction 
in porosity. As shown in Table 1, the fraction defectives due to short-circuiting 
are greatly reduced with the capacitors in the present exemplary embodiment 
when compared with the capacitor 1 according to the prior art. As the result of 
analyzing the cross-section of a multilayer ceramic capacitor with short circuit- 
ing failxn-e, it is observed that the metalhc path goes through the dielectric 
layers 1. Therefore, the present exemplary embodiment allows the metallic con- 
stituent in the conductive layer 2 to be prevented from penetrating into the 
ceramic sheet 10b, thereby greatly reducing the number of short circuits failures 
and enabling the remarkable improvement in manufactiuing yields of multi- 
layer ceramic capacitors. 

Particularly, as in the present exemplary embodiment, the high 
polymer polyethylene used as the binder is bulky when compared with poly- 

butjo-al resin and acryUc resin, making the ceramic sheet 10a rather high 
in porosity. Therefore, particularly in this case, reduction process of the po- 
rosity before forming the conductive layers 2 as proposed in the present inven- 
tion are extremely effective in reducing failures due to short-circuiting. 
(Second Exemplary Embodiment) 

In the first exemplary embodiment, a conductive layer 2 is formed 
by printing directly a metaUic paste on the ceramic sheet 10a that has already 
been reduced in porosity, but in the present exemplary embodiment a conductive 
layer 2 formed in advance on a base film 15 made of polyethyleneterephtlate 
and the hke is transferred onto the ceramic sheet 10a. 



First, the porosity of the ceramic sheet 10a is reduced in the same way 
as in the first exemplary embodiment, and four different ceramic sheets 10a 
' having 40%, 30%, 20% and 10%, , in porosity are prepared. 

Further, as shown in Fig. 4 , a conductive layer 2 is formed on the base 
film 15 by printing a metaUic paste thereon in a desired pattern and thendrying 
the paste. Thereafter, almost aU the solvent contained in said layer 2 is re- 
leased, thereby allowing the surface of theconductive layer 2 to be hardened with 
almost only the metalhc constituent,plasticizer and binder remained in said layer 
2. More specificaUy,said layer 2 is prepared so that the organic constituent con- 
tained may account for 5 to 15 wt%, more preferably 8 to 12 wt%, against 
100wt% ofthe metaUic constituent because, when the organic constituent is less 
than 5 wt %, the adhesion of said layer 2 to the ceramic sheet 10b is Ukely to be 
weak and, when the organic constituent exceeds 15 wt %, the adhesion of said 
layer 2 tends to become excessive, thereby making it difficult for said layer 2 to be 
made with a desired pattern. 

At this time, in order to release the base film 15 from layer 2 easily at a 
later step, it is desirable for said layer 2 to be printed a release agent layer (not 
shown in the drawing) formed of at least one selected from a group of acryUc 
resin, melamine resin, epoxy resin and sihcon resin beforehand on the base film 
15. Particularly, the mixture of acryhc resin and melamine resin provides an 
excellent releasing abihty. Sihcon resin has both an excellent releasing abiUty 
and an excellent resistance to solvents and humidity. 

Next, after having an dmnmy layer formed by stacking one over ano- 
ther a plurahty of ceramic sheets 10a without conductive layers on a supporter, a 
conductive layer together with a base film 15 is superimposed on a ceramic sheet 
10b so as to have the conductive layer 2 brought into direct contact with the ce- 
ramic sheet 10b and then a pressing force is apphed fi-om both sides thereof ver- 
tically, thereby allowing said layer 2 and ceramic sheet 10b to be adhered with 
each other. This process of a pressing force apphcation is preferably performed 
at the temperatures ranging fi:om room temperature to a temperature, at which 
the plasticizer in said layer 2 is starting to be released outside. (The temperature 
is 150 ''C in the present exemplary embodiment.) The reason is that, when an 



excessive amount of the plasticizer is released,said layer 2 tends to become hard 
and brittle, resulting in a reduction in the adhesion between the ceramic sheet 
10b and said layer 2 and creation of structural defects at the process of stacking 
and firing. Accordingly, at the foregoing temperatures treatment , the binder and 
5 plasticizer contained in said layer 2 are made softer, thereby allowing the adhe- 
sion between said layer 2 and the ceramic sheetlOb to be enhanced. 

When the content level of the plasticizer and that of the binder are low 
in said layer 2, the temperatures appUed during the appHcation of a pressing 
force are increased, thereby making the plasticizer and binder chemically active 
10 with resulting enhancement of the adhesion between said layer 2 and the 
ceramic sheet 10b. On the other hand, when the content level of the plasticizer 
and that of the binder are high, thereis no need of additional heating since the 
adhesion between said layer 2 and the ceramic sheet 10b is strong enough even 
at room temperature. In other words, it is desirable to adjust the heating tem- 
peratiores according to the kinds of organic constituents and the content levels 
thereof. 

Then, the base film 15 is peeled off said layer 2 and the ceramic sheet 
I 10b of the next layer is superimposed thereon. Thereafter, another said layer 2 
i with a base film 15 attached thereon is superimposed on the ceramic sheet 10b 
I 20 and a pressing force is appHed thereto under the same condition as above. This 
stacking process of the ceramic sheet 10b and said layer 2 is repeated a desired 
nvunber of times, and finally a ceramic sheet 10a is superimposed thereon to form 
an diunmy layer . 

Following the completion of the above steps, a mviltilayer ceramic 
25 capacitor with 150 effective layers is prepared according to the same steps as 
described in the first exemplary embodiment. 
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Table 2 



Porosity 


Prior Art 2(50%) 


40% 


30% 


20% 


10% 


Number of 
Short-circuiting 


21/1000 


0/1000 


0/1000 


0/1000 


0/1000 
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Fraction defectives of mviltilayer ceramic capacitors due to short- 
circmting are shown in Table 2 by comparing the mvdtilayer ceramic capacitors 
prepared according to the present exemplary embodiment of the invention with 
the capacitor by a prior art. 

The multilayer ceramic capacitor by the prior art is prepared according 
to the foregoing method by the use of a ceramic sheet 10a without reduction proc- 
ess in porosity. As shown in Table 2, the short-circuiting failure are greatly 
reduced with the capacitors in the present exemplary embodiment when com- 
pared with the capacitor by the prior art . In addition, it is also observed that 
the short-circuiting failure are reduced with the multilayer ceramic capacitors in 
the present exemplary embodiment when compared with the capacitors in the 
first exemplary embodiment. This is because, in addition to the reduction in 
porosity, the metallic constituent is further prevented firom penetrating into 
the ceramic sheet 10b, since the conductive layer 2 is transferred onto the 
ceramic sheet 10b after being dried. 

As a result, according to the present exemplary embodiment, the pene- 
tration of the metaUic constituent into the ceramic sheet 10b is further prevented 
in comparison with the first exemplary embodiment, thereby allowing the fail- 
ures due to short-circuiting between the conductive layers 2 to be reduced re- 
markably, leading to a great improvement in yields. 

When the ceramic sheet 10b and conductive layer 2 are stacked one over 
another alternately according to the present exemplary embodiment, a pressing 
force is appUed to the ceramic sheet 10b every time one layer thereof is stacked. 
Alternatively, it is acceptable to simply stack the ceramic sheet 10b without ap- 
plying any pressing force thereto and to apply a pressing force only after said 
layer 2 formed on a base film 15 is stacked, thereby estabUshing the adhesion 
between the ceramic sheets 10b and the adhesion between the ceramic sheet 10b 
and said layer 2 at the same time. In the latter process, the number of times of 
the pressing force appUcation process are reduced in half compared with the 
former process. This pressing force apphcation process takes about 1 to 30 sec- 
onds for one time of operation. The longer time is required in the pressing proc- 
ess with increasing stacked layer, so that the process cost much. Particularly, 



when said layer 2 is formed of a base metal, the cost involved with stacking proc- 
ess accounts for rather a large portion of the cost of the multilayer ceramic ca- 
* pacitors. The latter process for production of provisional laminates is preferred 
from a point of process cost. . 
5 With the present exemplary embodiment also, a ceramic sheet 10a 

without reduction in porosity is used as the dummy layer since there are provid- 
ed more than 100 layers of the conductive layer 2. 
(Third Exemplary Embodiment) 

In the present exemplary embodiment, as shown in Fig. 4 , a conductive 
10 layer 2 formed on a base film 15 is superimposed on a ceramic sheet 10b together 
with the base film 15 so as to bring said layer 2 into contact with the ceramic 
sheet 10b, thus preparing the ceramic sheet 10b with said layer 2 attached there- 
.Ti to and producing a laminate by stacking said ceramic sheets 10b. 
r] More specifically, a ceramic sheet 10b with a reduction in porosity, pre- 

Cri 15 pared in the same manner as in the first and second exemplary embodiments, 
^ and said layer 2 formed on a base film 15 together with the base film are sand- 

S ; I 

^""^ wiched between roUers to apply a pressing force thereto, thereby bringing the 
S=f ceramic sheet 10b and said layer 2 close contact with each other. The conduc- 
C'l tive layer 2 during the time of the pressing force appUcation is held at room tem- 
•fi.20 peratiu-e to the temperature, at which the plasticizer contained in said layer 2 is 
not released excessively, in the same way as in the second exemplary embodi- 
ment. 

Thus, said layer 2 and ceramic sheet 10b are formed on the base film 15 
and, after cutting the foregoing to a desired shape, a desired number of the 

25 shapes are stacked one over another in succession and then a provisional lamina- 
te can be obtained by applying a pressing force thereto. 

When the provisional laminate is produced, it does not matter whether 
repeating a process of stacking the foregoing on an dummy layer as in the first 
and second exemplary embodiments so as to have the base film 15 situated on 

30 the top and peeling off the base film 15 after applying a pressing force thereto or 
repeating a process of first eliminating the base film 15 and then stacking a ce- 
ramic sheet 10b together with said layer 2, immediately followed with an apph- 
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cation of a pressing force thereto. However, when the process of stacking is 
performed so as to have said layer 2 located upward after the elimination of the 
base film 15, it is important to take into consideration that said layer 2 does not 
stick to the press plate. For example, it is favorable to put some film between the 
conductive layer 2 and the aforementioned press plate and the like. Therefore, 
it is preferred that the ceramic sheet 16 is arranged to be located upward when 
the base film 15 is peeled off and then the process of stacking is performed. 

Thereafter, a multilayer ceramic capacitor can be obtained in the same 
way as in the first exemplary embodiment. When a ceramic sheet 10b with said 
layer 2 attached thereto is prepared by the use of rollers as in above, the process 
can be performed at a relatively high speed. More specifically, in the third ex- 
emplary embodiment, when compared with the second exemplary embodiment, 
in which every time a ceramic sheet 10b and said layer 2 are stacked one over 
another a pressing force is appUed thereto, the number of pressing force appHca- 
tion times is allowed to be reduced in half, leading to a reduction in cost of manu- 
facture. 

Table 3 



Porosity 


Prior Art 2(50%) 


40% 


30% 


20% 


10% 


Number of 
Short-circuiting 


31/1000 


1/1000 


0/1000 


0/1000 


0/1000 



Fraction defectives of multilayer ceramic capacitors with 150 effective 
20 Layers (the number of layers of the cermic dielectric layer 1 sandwiched between 
the conductive layers 2) due to short-circuiting are shown in Table 3 by compar- 
ing the multilayer ceramic capacitors prepared according to the present exem- 
plary embodiment of the invention with the ceramic capacitor 3 by the prior art. 
As clearly shown in Table 3, the fraction defectives due to short-circuiting are 
25 greatly reduced with the capacitors in the present exemplary embodiment when 
compared with the capacitor 3 the prior art. As the result of analyzing the 
cross-section of a multilayer ceramic capacitor, it is observed that the short- 
circuiting failxire occurred between the conductive layers 2. 

Therefore, the present exemplary embodiment allows the number of 
30 short circuits between conductive layers 2 to drop off sharply, thereby enabling 
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^ the remarkable improvement in manufacturing yield and the reduction in cost 
of the capacitors. 
' (Fourth Exemplary Embodiment) 

In the present exemplary embodiment also, a conductive layer 2 is for- 
5 med on a base fihn 15 made of a polyethyleneterephtalate film and the like in- 
stead of forming the conductive layer 2 directly on a ceramic sheet 10b. 

First, in the same way as in the previous exemplary embodiments, four 
kinds of ceramic sheet v^ith a porosity of 40 %, 30 %, 20 % and 10 % are 
prepared . 

10 Further, in the same way as in the first exemplary embodiment, a met- 

talic paste is appUed onto the base film 15 by printing in a desired pattern and 
then dried to form the conductive layer 2. Thereafter, by having almost all the 
solvent contained in said layer 2 released to harden the surface thereof, thereby 
said layer2 are formed of a metaUic constituent, plasticizer and binder More 
15 specifically, the organic constituents contained in said layer 2 are made to ac- 
count for 5 to 15 wt% or more preferably 8 to 12 wt% against 100 wt% of the met- 
alhc constituent. The reason for above is that, when the organic constituents 
are less than 5 wt%, the adhesion with the ceramic sheet 10b is impaired and, on 
the other hand, when the organic constituents exceed 15 wt%, the adhesion of the 
conductive layer 2 becomes too much to make it impossible for said layer 2 to be 
shaped to the desired pattern. 

At this time, in order to release said layer 2 and base film 15 readily 
fi:om each other at a later step, it is desirable for said layer 2 to be printed after a 
release agent layer (not shown in the drawing) containing of at least one selected 
fi:om a group of acrylic resin, melamine resin, epoxy resin and siHcon resin be- 
forehand on the base film 15. Particularly, a release agent containing of the 
mixture of acryhc resin and melamine resin provides a desirable releasing ability. 
In addition, when a sihcon resin is used as the release agent, not only the desir- 
able releasing abihty is realized but also excellent resistance to solvent and hu- 
midity is effectively reahzed. In this case, the surface of saidlayer 2 have micro- 
scopic asperities as shown in Fig. 4. 

Then, the conductive layer 2 together with the base film 15 after drying 



is passed between rollers 16a and 16b, each having a smooth smface, as shown in 
Fig. 6 , thereby reducing the asperities on the surface of said layer 2 with a 
pressing force appUed in the thickness direction thereof. Fig 5 is a cross- 
sectional view of said layer 2 after the surface thereof is made smooth. 

Next, after dummy layers are formed on a supporting member by 
stacking a plurality of ceramic sheets 10a, without conductive layer formed 
thereon, said layer 2 together with a base film 15 is superimposed on the dummy 
layers so as to bring said layer 2 into direct contact with the ceramic sheet 10b 
and then a pressing force is apphed in the thickness direction thereof, thereby 
allowing said layer 2 and ceramic sheet 10 to be adhered with each other. The 
pressing force apphcation process is preferably to be performed at temperatures 
ranging from room temperature to the temperature, at which the plasticizer con- 
tained in said layer 2 is not released too much. (The temperature is 150 °C with 
the present exemplary embodiment.) The reason is that, when too much plasti- 
cizer is released, said layer 2 becomes so hard and brittle so as to reduce the ad- 
hesion between the ceramic sheet 10b and said layer 2, residting in bringing 
about structural failures at the process of stacking multilayer and firing. 
Therefore, as far as the foregoing temperature range is abided by, the binder and 
plasticizer contained in said layer 2 remain soft, thereby allowing the adhesion 
between said layer 2 and the ceramic sheet 10b to be enhanced. 

When the plasticizer and binder content in said layer 2 is low, by 
raising the temperature, at which a pressing force is apphed thereto, the palasti- 
cizer and binder are made chemically active, thereby allowing the adhesion be- 
tween said layer 2 and the ceramic sheet 10b to be enhanced. On the other 
hand, when the plasticizer and binder content is high, the adhesion between said 
layer 2 and the ceramic sheet 10b is enough even at room temperature and, 
therefore, there is no need of additional heating. In other words, it is preferred 
that the heating are adjusted according to the kind and content of organic con- 
stituents contained in said layer 2. 

Next, the base film 15 is peeled off and the ceramic sheet 10b is su- 
perimposed on said layer 2. Then, said layer 2 together with the base film 15 is 
again superimposed on the ceramic sheet 10b and a pressing force is apphed 
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thereto under the foregoing condition. This stacking process of the ceramic 
sheet 10b and said layer 2 is performed repeatedly the required number of times 
" to obtain a provisional laminate. Thereafter, in the same way as in the first 
exemplary embodiment, a multilayer ceramic capacitor with 150 effective layers 
is produced. 



Table 4 



Porosity 


Prior Art 4 
(50%) 


40% 


30% 


20% 


10% 


Number of 

Short- 

Circuiting 


9/1000 


1/1000 


0/1000 


0/1000 


0/1000 



In Table 4, fi:action defectives of multilayer ceramic capacitors are 
shown by making a comparison between the multilayer ceramic capacitors pre- 
pared according to the present exemplary embodiment and the capacitor 4 by the 
prior art. 

The capacitor 4 by the prior art is prepared according to the method as 
described in the second exemplary embdiment by the use of a ceramic sheet 10a 
without reduction in porosity. As clearly seen in Table 4, the fi:action defectives 
due to short-circuiting are greatly reduced with the multilayer ceramic capacitors 
in the present exemplary embodiment when compared with the prior art multi- 
layer ceramic capacitor 4. In addition, it is also observed that the fraction defec- 
tives due to short-circuiting are reduced in the present exemplary embodiment 
even when compared with the multilayer ceramic capacitors in the second exem- 
plary embodiment. This is because, in addition to the reduction in porosity, the 
metalhc constituent is allowed to be further prevented from penetrating into the 
ceramic sheet 10b, the penetrating via the asperities of said layer 2 sticking in 
the ceramic sheet 10b. 

As a resvdt, according to the present exemplary embodiment, the pene- 
tration of the metalhc constituent into the ceramic sheet 10b is further prevented 
in comparison with the second exemplary embodiment, thereby allowing the 
failures due to short-circuiting between said layers 2 to be reduced remarkably, 
leading to a great improvement in yields. 



Furthermore, it does not matter whether a laminate is produced by 
having the ceramic sheets 10b and said layers 2 stacked one over another alter- 
nately as described in the second exemplary embodiment or by preparing first a 
ceramic sheet 10b with said layer 2 attached thereto as in the third exemplary 
embodiment and then performing the stacking thereof. Whichever method may 
be employed, the resulting effect is the same as in the second and third exem- 
plary embodiments and the firaction defectives due to short-circuiting are further 
reduced. 

Next, a description is given to key points of the present invention. 

(1) The present invention is effectively apphcable in particular to a 
ceramic sheet 10a with the porosity of exceeding 50 % before a reduction in po- 
rosity. 

(2) When polyethylene is contained in ceramic sheets 10a and 10b as in 
each respective exemplary embodiment of above, upon having the ceramic sheets 
10a and 10b left standing for a long period after a reduction is made in porosity 
with no heat appUed thereto, air enters into the ceramic sheet 10b with a result- 
ing increase in porosity. Therefore, when a reduction is made in porosity 
without heat treatment to the ceramic sheet 10b, it is preferred that a lami- 
nated process is carried promptly. When heat is appUed to the ceramic sheet 
10b in the process of a porosity reduction, since polyethylene undergoes a plastic 
deformation, the porosity of the ceramic sheet 10b does not change much even if 
the ceramic sheet 10b is left standing for a long period. 

(3) A reduction in porosity of a ceramic sheet 10a causes the coefficient of 
elasticity thereof to increase, thereby allowing a ceramic sheet 10b to be prevent- 
ed from being stretched in the manufacturing process. 

(4) By a pressing force appHed to a ceramic sheet 10a across the thick- 
ness thereof in order to make a reduction in porosity thereof, microscopic asperi- 
ties on the surface of a ceramic sheet 10b, on which a conductive layer 2 is formed, 
are allowed to be reduced. As a result, said layer 2 can be formed on the 
ceramic sheet 10b easily. 

(5) When a pressing force is appHed at temperatures between the glass- 
transition temperature of an organic material in a ceramic sheet 10a and the 
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melting point thereof in order to make a reduction in porosity of the ceramic 
sheet 10a, it is preferred that the pressing force appUcation and the heating are 
performed at the same time or the pressing force appUcation precedes the heat- 
ing. Particularly, when a reduction is made in porosity of a ceramic sheet 10a 
5 prepared by the use of poUethylene, it is needed that the pressing force appUca- 
tion and the heating are performed at the same time or the pressing force appU- 
cation precedes the heating. The reason is that, when heating takes place to 
raise the temperatures higher than the glass-transition temperature of polyeth- 
ylene and to keep the temperatures lower than the melting point thereof while no 
10 pressing force being appUed to the ceramic sheet 10a, the ceramic sheets 10a and 
10b are made to shrink in the width direction thereof due to the shrinkage of 
polyethylene, thereby making it difficult to obtain the ceramic sheet 10b with a 
uniform thickness and free of wrinkles. 

(6) By reducing the porosity of a ceramic sheet lObless than 50 %, an 
15 infiltration preventive effect against a metalUc constituent in said layer 2 to 

penetrate into a ceramic sheet 10b is remarkable. However, when a provisional 
laminate and a laminated block are produced, an excessively low level of porosity 
makes it difficult to smooth out the difference in level between an area with a 
conductive layer 2 and other area without conductive layer 2 ,resulting in bring- 
ing about structural defects. Therefore, it is desirable for the porosity to be 
ranging from 10 % to 40 %. 

(7) The pressing force appUed to a ceramic sheet 10b with a reduction in 
porosity during the preparation process thereof is desired to be not exceeding the 
pressing force appUed to the provisional laminate at a later step and more pref- 
erably to be lower than the pressing force appUed to the provisional laminate. 
The reason is that an excessively low level of porosity in the ceramic sheet 10b 
before producing the provisional laminate makes it difficult to smooth out the 
diference in level between an area with a conductive layer 2 and an other area 
without the conductive layer 2 , resulting in bringing about structiwal defects. 

(8) When a heat treatment is appUed diudng the steps to obtain a provi- 
sional laminate by the use of ceramic sheets 10a and 10b containing an organic 
binder, the heat treatment at temperatures ranging from the glass-transition 



temperature of the organic binder and the melting point thereof, enhance the 
fluidity of polyethylene ,resiilts in a remarkable heat treatment effect. 

(9) A ceramic sheet 10a is formed of the organic material arranged hori- 
zontally in a mesh-like structure and at random in the thickness direction, hav- 
ing ceramic particles 11 absorbed in the meshes. As a result, the ceramic parti- 
cles 11 are arranged in layers, each also appearing to be a mesh-like structure, 
thereby allowing the metaUic constituents to be prevented from entering into the 
ceramic sheet 10a. 

(10) Although polyethylene of over 400,000 in average molecular weight 
is used as the binder in the foregoing exemplary embodiments, it does not matter 
whether other polyolefin arranged horizontally in a mesh-hke structure and at 
random in the thickness direction is used in place of polyethylene . 

(11) Although a description has been given to multilayer ceramic capaci- 
tors in the foregoing exemplary embodiments, the same effects can be obtained 
with such ceramic electronic components as a multilayer varistor, multilayer 
inductor, multilayer ceramic substrate, ceramic filter and the like that are pro- 
duced by stacking ceramic sheets and conductive layers one over another to form 
a laminate. 

Industrial Apphcabihty 

According to the present invention as described in above, by having a 
reduction made beforehand in porosity of a ceramic sheet, the metaUic constitu- 
ent in a conductive layer penetrating into the ceramic sheet is allowed to be Hm- 
ited to the minimum, and further by having a conductive layer formed so as to 
make it difficult for the metaUic constituent to penetrate into the ceramic sheet, 
the short-circuiting failures of ceramic electronic components are allowed to be 
reduced to an extreme, thereby enabling the improvement in production yields. 
Particularly, the present invention brings about the greatest effect for the im- 
provement of production yields in multilayer ceramic chip capacitors which re- 
quire the use of thin ceramic sheets and a great extent of lamination. 



